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the substrate by denstfying a plasma sprayed solid electrolyte raw film, and heating the film in a 
temperature range of 1.300 to 1 JOO'C. In the cell, the fuel electrode film (1) or the air electr6de (3) is 
formed onto a surface of the solid electrolyte film. 
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The present invention relates to solid electrolyte filnns formed on substrates by plasma spraying, solid oxide 
fuel cells (SOFC) having such ftlms. and processes for producing such filnris and fuel cells. 

Recently, fuel cells hav been noted as power generating equipments. The fuel cell is an equipment cap- 
able of directly converting chemical nergy possessed by fuel to lectric nergy. Since the fuel cell is free from 
5 limitation of Carnot's cyde. the celt is an extremely promising technique in that the fuel cell essentially has a 
high energy conversion efficiency, a variety of fuels (naphtha, natural gas. methanol, coal refomned gas, heavy 
oil. etc.) may be used, and the cell provokes less public nuisance, and its power generating efficiency is not 
influenced by the scale of the equipment 

Particulariy, since the solid oxide fuel cell operates at high temperatures of 1,000°C or more, activity of 
10 electrodes is extremely high. Thus, completely no catalyst of a noble metal such as expensive platinum is 
necessary. In addition, since the SOFC has low polarization and relatively high output voltage, its energy con- 
version efficiency is conspicuously higher than that in the other fuel cells. Furthenmore, since their constituent 
materials are all solid. SOFC is stable and has long use life. 

Although it is desired in SOFC that the thickness of the solid electrolyte film is made smaller, electrolyte 
15 film-forming techniques such as chemical vapor deposition (CVD) or electrochemically vapor deposition (EVD) 
have problems in that the apparatus becomes a large size, and that the treated area and the treating speed 
are too small. 

The plasma spraying has heretofore been used for the fonmatton of the solkJ oxide fuel cells because the 
plasma spraying has merits in that the film-fonming speed is great, the film can be formed simply, thinly and 

20 relatively densely (Sunshine 1981. Vol. 2, No. 1). 

Further, it is publicly known that after the grain size of a raw material to be plasma sprayed (hereinafter 
refenred to as "plasma spraying raw materiar), in which cerium oxide or zirconium oxide is solid solved with 
an oxide of an alkaline earth metal element or a rare earth element is adjusted, the material is plasma sprayed 
to fonm a solid electrolyte film (Japanese patent application Laid-open Nos. 61-198,569 and 61-198,570). 

25 On the other hand, porosity of the solid electrolyte film formed by plasma spraying is generally 5%. and 

reaches up to 10%, so that such a solid electrolyte film has no sufficient denseness as a solid electrolyte film 
for SOFC, and cracks or laminar defects occur in the film during the plasma spraying. For this reason, a leakage 
phenomenon occurs that a fuel such as hydrogen or carbon monoxide penetrates during operation of SOFC. 
Consequently, electromotive forces per SOFC is smaller than, for example. 1 V in ordinary fuel cells, so that 

30 outputs drop and the conversion rate of the fuel to electric power lowers. 

At that time, although it may be considered that the fuel leakage phenomenon is coped with by increasing 
the thickness of the solid electrolyte film, resistance against diffusion of ions into the bulk in this case becomes 
greater. 

Furthermore, since a number of the laminar defects microstructurally exist as mentioned above, when con- 
35 ductive solid electrolyte film is formed by plasma spraying, the electric conductivity of the solid electrolyte film 
is lower than that of a sintered body having the same composition as the solid electrolyte film. Consequently, 
the internal resistance of the solid oxide fuel cell becomes greater to deteriorate characteristics thereof. There- 
fore, it is desired that the thickness of the solid electrolyte film itself is decreased to raise outputs of the cell. 

It is an object of the present invention to densify and thinning a solid electrolyte film and enhancing electric 
40 conductivity thereof in the case that the solid electrolyte film is formed on a substrate by plasma spraying. 

It is another object of the present invention to apply this densifiable. thinnable plasma sprayed solid elec- 
trolyte film to a solid oxide fuel cell, so that outputs of the solid oxide fuel cell may be raised. 

A first aspect of the present invention relates to a solid electrolyte film being formed on a substrate by 
plasma spraying and having a solid electrolyte structure composed of a material selected from cerium oxide 
45 or zirconium oxide fully stabilized or partially stabilized with an alkaline earth metal element and/or a rare earth 
element, said solid electrolyte film having a true porosity of not more than 5%. 

A second aspect of the present invention relates to a solid oxide fuel cell comprising: a solid electrolyte 
film being fonmed on a substrate by plasma spraying and having a solid electrolyte structure composed of a 
material selected from cerium oxide or zirconium oxide fully stabilized or partially stabilized with an alkaline 
50 earth metal element and/or a rare earth element, said solid electrolyte film having a true porosity of not more 
than 5%; an air electrode provided on one side of said solid electrolyte film; and fuel electrode provided on the 
other side of the solid electrolyte film. 

A third aspect of the present invention relates to a process for producing a solid electrolyte film, said process 
comprising the steps of: preparing a plasma spraying raw material comprising a mixture or a solid solution con- 
55 sisting essentially of an alkaline earth metal element or a rare earth element and cerium oxide or zirconium 
oxide; fonming a plasma sprayed solid electrolyte film on a substrate by plasma spraying said plasma spraying 
raw material onto the substrate; and densify ing said plasma sprayed solid electrolyte film by heating the film 
in a temperature range of 1.300 to 1.700*C. 
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A fourth aspect of the present invention relates to a process for producing a solid oxide fuel cell, said pro- 
cess comprising the steps of: pr paring a plasma spraying raw material comprising a mixture or a solid solution 
consisting essentially of an alkaline earth metal element or a rare eartii element and c rium oxide or zirconium 
oxide; forming a plasma spray d solid el ctrolyte film on an air electrod by plasma spraying said plasma spray- 

5 ing raw material onto the air electrode; producing a solid electrolyte film by densifying said plasma sprayed 
solid electrolyte film by heating the film in a temperature range of 1,300 to 1,700X; and providing a fuel elec- 
trode film onto a surface of the solid electrolyte film. 

A fifth aspect of the present Invention relates to a process for producing a solid oxide fiiel cell, said process 
comprising the steps of: preparing a plasma spraying raw material comprising a mixture or a solid solution con- 

10 sisting essentially of an alkaline earth metal element or a rare earth element and cerium oxide or zirconium 
oxide; fonming a plasma sprayed solid electrolyte film on a fuel electrode by plasma spraying said plasma spray- 
ing raw material onto the fuel electrode; producing a solid electrolyte film by densifying said plasma sprayed 
solid electrolyte film by heating the film in a temperature range of 1,300 to 1,700°C; and providing an air elec- 
trode film onto a surface of the solid electrolyte film. 

15 In the present invention, the formation of the solid electrolyte film onto the substrate includes a case where 

the solid electrolyte film is fonmed onto the surface of the substrate and a case where another film, for example, 
the air electrode film, is fonmed on the surface of the substrate and then the solid electrolyte film is fonmed on 
the surface of another film. 

The plasma spraying of the plasma spraying raw material onto the air electrode (or fuel electipode) includes 

20 a case where the raw material is plasma sprayed onto the surface of the air electrode film (or fuel electrode 
film) formed on a surface of a porous substrate and a case where the raw material Is plasma sprayed onto the 
surface of the substrate for the air electrode (or the substrate for the fuel electrode substrate) made of a raw 
material for the air electrode (or a raw material for the fuel electrode). 

The specific solid electrolyte film according to the present invention is fonmed on the substrate by plasma 

25 spraying, and this solid electrolyte film is composed of cerium oxide or zirconium oxide stabilized or partially 
stabilized with an alkaline earth metal or a rare earth element Therefore, the solid electrolyte film can be made 
tiiinner, and the film-forming speed is high. In addition, although the film is fomned by plasma spraying, the tnie 
porosity of the film is not more than 5%. Thus, the film has the denseness not seen in the conventional plasma 
sprayed solid electrolyte filnr>s. 

30 Optional objects, features and advantages of the invention will be appreciated upon reading of the following 

description of the invention when taken in conjunction with the attached drawings, with Uie understanding that 
some modifications, variations and changes of the same could be made by the skilled person in the art to which 
the invention pertains 

For a better understanding of the invention, reference is made to the attached drawings, wherein: 
35 Figs. 1 and 2 are scanning type electro-microscopic photographs showing the stmcture of solid electrolyte 

films in Examples according to the present invention; 

Figs. 3 and 4 are scanning type electro-microscopic photographs showing the structure of conventional 
plasma sprayed solid electrolyte films; 

Fig. 5 is a partially broken perspective view of a cylindrical solid electrolyte fuel cell; 

40 Fig. 6 is a partially sectional view of a flat solid electrolyte fuel cell; 

Fig. 7 is a sectional diagram illustrating a method for measuring an N2 permeation coefficient; and 
Fig. 8 is a sectional diagram illustrating a method for measuring electromotive forces 
In order to produce the solid electrolyte film according to the present invention, the plasma sprayed solid 
electrolyte film is formed on the substrate, and then the thus formed film is heated in a temperature range of 

45 1,300 to 1,700°C. 

That is, as shown in Figs. 3 and 4, the microstructure of the conventional plasma sprayed solid electrolyte 
films having undergone no above heat tireatment possess fine cracks or defects peculiar to the plasma sprayed 
films as well as several layers of laminar defects as shown in Figs. 3 and 4. This causes reduction in the electric 
conductivity and increasing in the gas leakage. 

50 To the contrary, as shown in Figs. 1 and 2, the solid electrolyte film having undergone the above-mentioned 
heat treatment is free from microcracks and defects peculiar to the conventional plasma sprayed films, and pos- 
sesses fewer laminar defects. Since the material moves to acute faces and corners of cleavages of cracks to 
make the shape of closed pores relatively spheroidal or near spheroidal, so that the solid electrolyte film has 
the microstructure near that of the solid electrolyte obtained by press molding powder and then sintering the 

55 shaped body, and the composition of the film is homogeneous. As a result, the electric conductivity of the film 
is equivalent to that of the sintered body, and leakage of gas can be prevented. 

Therefore, the solid electrolyte film according to the present invention is useful as a solid electrolyte film 
for the oxygen sensor and the oxygen densitometer. Further, the film is also useful as an oxidation resistive 
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film for covering metallic materials because of its denseness. 

The thus plasma sprayed solid electrolyte can be formed in th form of a thin film, and has high electric 
conductivity. Therefore, when the film is used as a solid electrolyte for a solid oxide fuel cell, the solid oxide 
fuel cell having small Intemal resistance and generating high output can be produced. 
5 As compared with EVD as a process for producing dense thin film solid electrolyte in a conventional solid 

oxide fuel celt, the present invention is technically simple, and the solid electrolyte film thereof can be formed 
by using only an ordinary plasma sprayer and an electric furnace or the like for themrial treatment Thus, the 
invention has a merit of low cost 

In the case of EVD, although current cylindrical solid oxide fuel cells having relatively small sizes can be 
10 produced, it is impossible to produce solid oxide fuel cells having flat shapes. On the other hand, the plasma 
sprayed solid electrolyte film according to the present invention may be applied to both the flat and cylindrical 
solid oxide fuel cells. In addition, the solid electrolyte film according to the present invention may easily cope 
with the production of elongated, cylindrical fuel cells or flat large area fuel cells in large sizes. 

According to the present invention, the open pores in the plasma sprayed solid electrolyte films are con- 
15 verted to the closed pores, fine cracks or defects peculiar to the plasma sprayed films can be eliminated, and 
the true porosity can be reduced to 5% or less. Further, the microstructure of the film can be approached to 
that of the sintered product and the composition of the film can be homogenized, so that the electric conductivity 
of the solid electrolyte can be raised. Therefore, the solid oxide fuel cell produced by the process of the present 
invention exhibits high electromotive forces, and is stable. Further, since the thickness of the film needs not 
20 be increased beyond necessary level, the intemal resistance of the cell is decreased, and outputs greatly rise. 

In the production of plasma sprayed solid electrolyte film, a plasma spraying raw material is a mixture or 
solid solution of an alkaline earth metal or a rare earth element and cerium oxide or zirconium oxide. Such a 
raw material is heated at 1300**C-1700**C after the plasma spraying. 

The amount of stabilizer employed is typically not more than 15 mol% (25 weigh t% in the case of Y2O3 in 
25 zirconia). 

Other components may be present provided that the solid electrolyte essentially acts as a cerium oxide 
or zirconium oxide electrolyte. 

Preferably, at least one oxide selected from Si02 , Af 2O3 and MgO is added to the mixture or solid solution 
of alkaline earth metal or rare earth element and cerium oxide or zirconium oxide in a total amount of not less 
30 than 0.1 part by weight but not more than 3 parts by weight based on the total weight of the raw material (100 
parts by weight), whereby the heat treating temperature can be decreased and the heat treating time can be 
shortened. Further, the addition of such an oxide in the above amount does not bring about the degradation of 
properties of the raw material such as electric conductivity or the like from a viewpoint of the material compo- 
sition. Even in this case, the solid electrolyte film has a structure consisting of cerium oxide or zirconium oxide 
35 fully or partially stabilized with the alkaline earth metal or rare earth element 

This raw material is sprayed through plasma spraying such as atmospheric spraying, low pressure spraying 
or the like. Particulariy, the effect is large in the low pressure plasma spraying. Even in the atmospheric plasma 
spraying, a sufficiently dense plasma sprayed solid electrolyte film can be obtained by the subsequent heat 
treatment 

40 Then, the invention will be described with respect to SO FC as a target. 

Fig. 5 is a partly broken perspective view of an embodiment of cylindrical SOFC according to the invention, 
and Fig. 6 is a partial front view of an embodiment of flat SOFC according to the invention. 

In Fig. 5, an air electrode film 3 is formed on an outer periphery of cylindrical porous ceramic substrate 4. 
and a solid electrolyte film 2 and a fuel electrode film 1 are arranged around the outer periphery of the electrode 
45 film 3 in this order. Furthermore, an interconnector 6 is arranged on the air electrode film 3 at a region of upper 
side of Fig. 5 and a connecting terminal 7 is attached thereto. In series connection of the cylindrical SOFCs, 
the air electrode film is connected to the fuel electrode 1 of an adjoining SOFC through the interconnector 6 
and the connecting terminal 7. In parallel connection of the cylindrical SOFCs, the fuel electrode films of the 
adjoining SOFC elements are connected through Ni fett or the like. 
50 The arrangement of the fuel electrode film 1 and the air electrode film 3 may be opposite to the case of 
Fig. 5. Moreover, a cylindrical air electrode substrate of single layer consisting of an electrode material for the 
air electrode may be used instead of the air electrode film and the porous substrate 4. 

In Fig. 6, a solid electrolyte film 12 is provided on a surface of a flat air electrode substrate 13 made from 
an air electrode material, and a fuel electrode film 1 1 is provided on the surface thereof. Moreover, it may be 
55 that the solid electrolyte film is provided on a surface of a flat fuel electrode substrate made from a fuel electrode 
material, and an air electrode film is arranged on the surtace thereof. 

The air electrode may be made from doped or undoped LaMnOs , CaMnOa , LaNiOa , LaCoOs , LaCrOa or 
the like, among which LaMnOa doped with strontium or calcium is preferable. As the fuel- electrode, nickel-zir- 
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conia cermet or cobalt-zirconia cermet is generally preferable. 

Moreover, the solid electrolyte film aocording to the invention is applicable to the flat SOFC and cylindrical 
SOFC opening at both nds as mentioned above as vy/ell as a bag-like cylindrical SOFC sealed at one end. 

The following xamples are given in illustration of the invention and are not intended as limitations thereof. 

Experiment 1 

A slurry was prepared by adding water to a mixed powder consisting of 1 00 parts by weight of commercially 
available 8 mol Y2O3 stabilized Zr02 powder and 0.2 part by weight of 2O3 in an amount of 50 parts by weight 
based on 1 00 parts by weight in total of the above mixed powder, which was granulated in a spray drier to prep- 
are granules having an average particle size of 30 ^m as a raw material for plasma spraying. Furthemnore, vari- 
ous plasma spraying raw materials were prepared as shown in the following Table 1 in the same manner as 
described above by changing the composition of the components. On the other hand, a flat alumina substrate 
having a porosity of 20% and a size of 30 long x 30 wide x 1 thick mm was prepared, to which was sprayed 
the plasma spraying raw material having a composition shown In Table 1 by means of a plasma sprayer so as 
to have a thickness of 500 |xm. Thereafter, the alumina substrate was polished to obtain an experimental plasma 
sprayed film of 400 \im in thickness. Such a plasma sprayed film was subjected to a heat treatment in an electric 
furnace under heat treating conditions shown in Table 1 . Then, the composition analysis, true porosity, perme- 
atbn coefTiciency of N2 gas and electric conductivity were measured with respect to the resulting solid electro- 
lyte films to obtain results as shown in Table 1. 
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As seen from the examples of Table 1, the true porosity is lowered to not more than 5% through the heat 
treatment of not lower than 1300''C. In this case, the pemneation coefficient of N2 gas rapidly decreases. That 
is, the penmeation coefficient is 3x1 0-« cn^ g-i s-^ to 4x10-® cm^ g-^ s-^ when the true porosity is more than 
5%. but is rapidly decreased to O.lxKH cm^ g-i s-^ when the true porosity is not more than 5%. Because, when 

5 the true porosity is not more than 5%, op n pores are substantially removed and only dos por s are xistent, 
and as the temperature rises, these close pores becomes smaller. 

Furthermore, the electric conductivity rapidly approaches to an electric conductivity of a sintered body of 
1 5x1(H s/cm when the true porosity is not more than 5%. This is due to the fact that the open pores are closed 
to remove laminar crack and hence there is disappeared an obstruction resisting to diffusion of oxygen ion. 

10 As shown in examples 2-3 through 2-7, the true porosity is smaller in case of adding AF2O3 than in case 
of adding no Af 2O3 even at the same heat treating temperature, so that the effect through the heat treatment 
is larger as compared with that in the case of adding no A^203. On the other hand, the addition of Ai20z has 
a small effect on the electric conductivity. However, when A22O3 is added in an annount of 3 parts by weight, 
the electric conductivity is 10 s/cm under conditions of 1 550**C x 5 hours and is fairiy smaller as compared with 

15 that in the case of adding no Af203 but becomes substantially equal to 8-9 s/cm in Comparative Examples 1-1 
to 1-2 having . undergone not heat treatment. Therefore, the addition of A?203 in an amount larger than 3 parts 
by weight has an effect on the densification but causes the large degradation of electric conductivity, so that 
it is unsuitable for use in fuel cell or the like. 

The observation results of microstructure in soiki electrolyte films was observed through scanning type 

20 electron microscope (SEM), and results are shown in Figs. 1-4 by photographs, wherein Figs. 1 and 2 conre- 
spond to Example 2-6 and Figs. 3 and 4 correspond to Comparative Example 2-1. 

As seen from SEM photographs, in the solid electrolyte film according to the invention, laminar defect (gap) 
and crack inherent to the plasma sprayed film are not observed, and also the shape of dose pore is near to 
spherical. 

25 The measurement of each property is described as follows. 



True porosity 



It was detemriined according to an equation of (1-{p1/p2)) x 100% from a bulk density pi measured by an 
30 Archimedian method and a theoretical density p2 = 5.96 calculated by using a lattice constant d = 5.14 ang- 
stroms through X-ray diffraction (in case of adding 13.5 parts by weight of Y2O3 ). 

In case of 5.5 parts by weight of Y2O3 added, it was calculated from a true specific gravity p2 = 5.90 
measured by means of a pycnometer. 

\ 

35 Permeation coefficient of N2 gas 

As shown in Fig, 7, the solid electrolyte film 22 shown in Table 1 was set to a jig 21 and a gap between 
the film 22 and the jig 21 was sealed with an adhesive 23. 

A side face of the solid electrolyte film 22 was exposed to a nitrogen atmosphereof 2 atmospheric pressure, 
40 and the other side face was exposed to a nitrogen atmosphere of an atmospheric pressure (measured at room 
temperature). In this case, a flow rate of N2 from 2 atmospheric pressure side to 1 atmospheric pressure side 
was measured by means of a mass flow controller, from which the permeation coefficient K (cnrt* g-"" s-^ ) of N2 
gas was calculated according to the following equation: 

K = (t.Q)/(AP*A) 

45 where 

t : thickness of sample (cm) 

Q ; measured flow r^rte (cm^ /s) 
A P : pressure difference (g/cm^) 
A : opening area (cm^) 



50 



Electric conductivity 



The plasma sprayed film shown in Table 1 was cut into a specimen of 14 mm in diameter and 0.4 mm in 
thickness and the electric conductivity of the specimen was measured by an altemating cunrent impedance 
55 method using a platinum electrode (measured in air at a temperature of 1000°C). 
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Experiment 2 

A slurry was prepared by adding water to a mixed powder consisting of 1 00 parts by weight of commercially 
available 8 mol Y2O3 stabiliz d ZrOz powder and 0.3 part by weight of A^203 in an amount of 50 parts by weight 

5 based on 1 00 parts by weight in total of the above mixed powder, which was granulated in a spray drier to prep- 
are granules having an average particle size of 30 ^m as a raw material for plasma spraying. Furthermore, vari- 
ous spraying materials shown in the following Table 2 were prepared in the same manner as described above 
by changing the composition of the components. On the other hand, a disc-like Lao.GSro.iMn03 substrate having 
a porosity of 20% and a size of 30 x 1 mm and zircon ia cermet substrate stabilized with nickel and yttria were 

10 provided, to which was sprayed the plasma spraying raw material having the composition shown in Table 2 by 
means of a plasma sprayer so as to have a thickness of 200 ^m. Thereafter, each of the sprayed solid electrolyte 
films was subjected to a heat treatment under heat treating conditions shown in Table 2. A platinum paste was 
applied onto the surface of the resulting solid electrolyte film to produce an SOFC. which was operated at 
1000*^0 in a hydrogen-oxygen atmosphere to measure an electromotive force. In case of using Lao.gSro.iMnOa 

15 substrate, the side of Lao.gSro.iMn03 was an air electrode (oxygen-side electrode) and platinum side was a fuel 
electrode (hydrogen-side electrode), while in case of using nickel-yttria stabilized zirconia substrate, platinum 
side was an air electrode (oxygen-side electrode) and the substrate side was a fuel electrode (hydrogen-side 
electrode). 

Electromotive forces were measured, and results are shown in Table 2. Furthennore, electromotive forces 
20 were measured on an SOFC formed by applying a platinum paste to both surfaces of yttria-stabilrzed zirconia 
sintered body (30 mm in diameter x 1 mm in thickness), and results are also shown in Table 2. In the latter 
case, platinum was each of air electrode and fuel electrode. 
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As seen from Table 2, the electromotive force is not less than 1.00 V in the heat treatment of 1300°C. Fur- 
thermore, the electrorrKJtive force is near or equal to that in the sintered body of 1.10 V in the heat treatment 
of 1450-1 700°C. At a temperature of higher than 1 700°C, deformation and cracking occurred in the heat treated 
sample, so that the measurement of the I ctromotive forces was impossible. That is. when the heating tenrv 
5 perature exceeds 1 700''C, the heat influence on the laminate of the substrate and the Y2O3 stabilized zirconia 
is so large that the celt loses strength as a laminate and the deformation and cracking occurs. Thus, it can be 
seen that the such a cell can not be put into practical use. 

Measurement of electromotive force 

10 

As shown in Fig. 8, oxygen was supplied to a side of the air electrode 13 in SOFC of 30 mm in diameter, 
while hydrogen was supplied to a side of the fuel electrode 1 1 . The gap between SOFC and jig 21 was sealed 
with a glass sealing material 24. Then, the electromotive force was measured by operating the SOFC at a tem- 
perature of lOOO^C. 



Claims 

1 . A process for producing a solid electrolyte film, comprising plasma spraying a raw material to form a solid 
20 electrolyte film based on cerium oxide or zirconium oxide partially or fully stabilized by an alkaline earth 

metal element and/or a rare earth element; and 

denstfying the plasma sprayed solid electrolyte film by heating in a temperature range of 1.300 to 
1 J00°C to achieve a true porosity of not more than 5%. 

25 2. A solid electrolyte film being formed on a substrate by plasma spraying, said solid electrolyte film having 
a solid electrolyte structure composed of a material selected from cerium oxide or zirconium oxide, said 
material being stabilized or partially stabilized with an alkaline earth metal element and/or a rare earth ele- 
ment, said solid electrolyte film having a true porosity of not more than 5%. 

30 3. A solid oxide fuel cell comprising: 

a solid electrolyte film t>eing formed on a substrate by plasma spraying, said solid electrolyte film 
having a solid electrolyte structure composed of a material selected from cerium oxide or zirconium oxide, 
said material being stabilized or partially stabilized with an alkaline earth metal element and/or a rare earth 
element, said solid electrolyte film having a true porosity of not more than 5%; 
35 an air electrode provided on one side of said solid electrolyte film; and 

fuel electrode provided on the other side of the solid electrolyte film. 

4. A process for producing a solid electrolyte film, said process comprising the steps of: 

preparing a raw material to be plasma sprayed, said raw material containing a mixture or a solid 
40 solution consisting essentially of an alkaline earth metal element or a rare earth element and cerium oxide 

or zirconium oxide; 

forming a plasma sprayed solid electrolyte film on a substrate by plasma spraying said spraying 
raw material onto the substrate; and 

densifying said plasma sprayed solid electrolyte film by heating the film in a temperature range of 
45 1.300 to 1,700°C. 

5. A process for producing a solid oxide fuel cell, said process comprising the steps of: 

preparing a raw material to be plasma sprayed, said plasma spraying raw material containing a solid 
solutbn consisting essentially of an alkaline earth metal element or a rare earth element and cerium oxide 
50 or zirconium oxide; 

forming a plasma sprayed solid electrolyte film on an air electrode by plasma spraying said raw ma- 
terial onto the air electrode; 

producing a solid electrolyte film by densifying said plasma sprayed solid electrolyte film by heating 
the film in a temperature range of 1,300 to 1.700**C; and 
55 providing a fuel electrode film onto a surface of the solid electrolyte film. 

6. A process for producing a solid oxide fuel cell, said process comprising the steps of: 

preparing a raw material to be plasma sprayed, said plasma spraying raw material containing a mixt- 
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ure or a solid solution consisting essentially of an alkaline earth metal element or a rare earth element 
and cerium oxide or zirconium oxide; 

forming a plasma sprayed solid electrolyte film on a fuel electrode by plasma spraying said raw ma- 
terial onto the fuel electrode; 

5 producing a solid electrolyte film by densifying said plasma sprayed solid electrolyte film by heating 

the film in a temperature range of 1,300 to IJOO^'C; and 

providing an air electrode onto a surface of the solid electrolyte film. 
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FIG. I 
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FIG. 3 




FIG. 4 
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FIG^6 
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FIG^7 
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